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Glomerular alterations in uranyl acetate-induced acute renal
failure in rabbits
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Glomerular alterations in uranyl acetate-induced acute renal failure in
rabbits. The study was performed to elucidate the progression and
regression of superficial and inner glomerular alterations in uranyl
acetate-induced renal failure in rabbits. Fifteen hours after the drug
injection. creatinine clearance (Cr,) decreased to 55% of controls with
slightly elevated plasma creatinine concentration (initiation stage).
After 5 days, urine flow and Cc, decreased to approximately zero, with
severe azotemia (maintenance stage). Scanning electron microscopic
observations in these stages revealed a flattening and spreading of
podocyte cell bodies associated with loss of epithelial foot processes.
and reduction in the density of endothelial fenestrae. These changes
were more advanced in the maintenance stage. Glomerular and
fenestral diameters did not significantly change in the initiation stage
hut increased in the maintenance stage. There was no significant
difference in these morphologic alterations, however, between the
superficial and inner glomeruli. Glomerular alterations reverted to
normal within 14 days, with good recovery of glomerular function. The
findings show no significant difference in the progression or regression
of the glomerular changes between the superficial and deep cortex.
These morphologic changes may play a role in the reduction of Cr
observed in this model.
Alterations glomerulaires au cours de l'insuffisance rénale aigue induite
par I'acétate d'uranyl chez des lapins. L'Ctude a ëté entreprise pour
expliquer Ia progression et Ia regression des alterations glomerulaires
superficielles Ct profondes lors de l'insuffisance rénale induite par
l'acétate d'uranyl chez des lapins. Quinze heures après injection du
mCdicament, Ia clarification de crCatinine (Cc,) a diminuC a 55% des
contrOles avec une concentration plasmatique de créatinine
modérément élevCe (stade initial>. Au bout de 5 ours, Ic debit urinaire
et Cc, ont diminuC a environ zero, avec one azotCmie sévère (stade
d'entretien). Des observations en microscopic electronique a balayage
a ces stades ont révélC on aplatissement et one extension des corps
cellulaires des podocytes, associCs avec one disparition des pedicelles
epithCliaux et une reduction de Ia densité des fenestrations
endothCliales. Ces modifications Ctaient plus avancées au stade
d'entretien. Les diamCtres des glomerules et des fenestrations ne
changeaient pas significativement au stade d'entretien. II n'y avait
toutefois pas de difference significative de ces alterations
morphologiques entre les glomerules superficiels et profonds. Les
alterations glomerulaires ont été rCversibles en l4jours avec one bonne
récopération de Ia fonction glomérulaire. Ces résultats ne montrent pas
de difference dans Ia progression ou Ia regression des modifications
glomerulaires entre Ic cortex superieur et profond. Ces changements
morphologiques pourraient jouer on rOle dans Ia reduction de
observCe dans cc modèle.
Received for publication December 29, 983,
and in revised form June 7, 1984
© 1984 by the International Society of Nephrology
The mechanisms involved in the pathogenesis of acute renal
failure are not well established. A number of mechanisms
including transtubular leakage of filtrate, tubular obstruction,
and renal hemodynamic alterations have been proposed to
account for a reduction in the glomerular filtration rate (GFR) in
acute renal failure [1, 2]. Furthermore, recent studies regarding
glomerular function and structure suggested a role for the
glomerular filtration barrier in the reduction in the GFR.
Micropuncture and oncometric studies have demonstrated a
decrease in the glomerular capillary ultrafiltration coefficient
(hydraulic conductivity multiplied by filtration area) in uranyl
nitrate 13], gentamicin [4], norepinephrine [5], and ischemic [6]
models of renal failure. A controversy exists, however, con-
cerning the contribution of glomerular morphologic alterations
to a loss of glomerular function. Morphologic studies with
scanning and/or transmission electron microscopy disclosed
changes in the glomerular epithelial architecture in uranyl
nitrate [7—10], norepinephrine [5], and ischemic [11—141 models,
evidenced by a spreading and flattening of podocyte cell bodies
associated with loss of foot processes and increased numbers of
microvillous structures, and suggested a causative role of these
epithelial alterations in the diminution of the GFR [7, 11]. On
the other hand, alterations of endothelial cells in uranyl nitrate
[9]. gentamicin [15—18], glycerol [181, and ischemic [6] models.
characterized by a reduction in the diameter and density of
endothelial fenestrae. suggested that reduced fenestral pore
area may be the major determinant of decreased glomerular
ultrafiltration coefficient [9, 18]. Contrary to these findings,
other investigations did not show any significant changes of
epithelial, endothelial cells, or both in gentamicin [4, 19—21] and
mercuric chloride [20, 211 models, despite a reduction in the
ultrafiltration coefficient [4, 19].
Also, a recent study [22] demonstrated a disparity between
superficial and deep nephrori function after renal ischemia in
rats. In our uranyl acetate model in rabbits [23], redistribution
of the regional blood flow from the outer to the inner cortex
occurred in the maintenance stage of renal failure. On the other
hand, little information is available as to whether or not
morphologic changes are different between the superficial and
inner glomeruli in acute renal failure.
The present work was attempted to elucidate the progression
and regression of morphologic alterations in the superficial and
inner glomeruli in uranyl acetate-induced acute renal failure in
rabbits. This model is useful for exploring the pathogenesis of
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acute renal failure, as renal injury develops gradually rather
than abruptly, with a subsequent return of renal function [231.
Methods
Studies were performed on 20 white rabbits, weighing ap-
proximately 3 kg each and allowed free access to commercial
rabbit chow and drinking water. Acute renal failure was in-
duced in 15 rabbits by the injection of uranyl acetate (2mg/kg of
body wt, iv.) [23, 241. In this model of renal failure, a reduction
in whole kidney GFR began between 7 and 15 hr after the uranyl
acetate administration, without a significant change in renal
hemodynamics [24]; despite increased renal blood flow above
the control level, urine flow and GFR decreased to approxi-
mately zero after 5 days, a time at which tubular damage was
most pronounced: and recovery occurred within 14 days [23].
Five renal failure rabbits each were randomly allocated to three
groups, sacrificed 15 hr, and 5 and 14 days after the uranyl
acetate administration, respectively, so that glomerular mor-
phologic changes could be examined. The remaining five nor-
mal animals were used as controls. The experiment consisted of
renal clearance study and morphologic observation. During the
experiment, isotonic saline solution was intravenously infused
at a constant rate (0.6 mI/mm) to replace losses of body fluid.
For statistical analysis., one-way analysis of variance,
nonpaired t test, and nonparametric Wilcoxon two-sample test
1251 were used; all data are presented as the mean SEM.
Clearance studies
Immediately before the experiment began, plasma creatininc
concentration was determined using the method to be described
later. Following anesthesia with sodium pentobarbital (30 mg/kg
of body wt, i.v.), the left kidney area was exposed through a left
flank incision and left renal artery cleared of all surrounding
tissues. Abdominal aortic pressure was measured just below the
origin of the left renal artery with a pressure transducer
(Statham, P23AA) connected to a catheter introduced into the
abdominal aorta through the right femoral artery. A catheter
was inserted into the left ureter to collect urine samples. After
blood pressure and urine flow stabilized, exogenous creatinine
clearance was performed to estimate left kidney GFR. Suitable
plasma concentration of creatinine (10 to 15 mg/dl) was main-
tained by the intravenous injection of a priming dose (60 mg/kg
of body wt) of creatinine and subsequent infusion in isotonic
saline solution (creatinine 2 mg/mI) at a constant rate (0.6
mI/mint through a marginal ear vein. Blood and urine samples
were collected from the abdominal aorta and left ureter. Crc-
atinine concentration in blood and urine samples was measured
by standard chemical method [26]. There was good agreement
between the and '4C-inulin clearance rates except for a
discrepancy between both clearance rates in the oliguric state
[23]. The values of blood pressure, urine flow, and Cc. rate were
expressed as the mean during one 30-mm clearance period.
Alorphologu studies
After the completion of the clearance study, 120 ml of
isotonic saline were infused into the left kidney through a
catheter inserted into the renal artery, followed by 120 ml of 2%
glutaraldehyde and 1% paraformaldehyde buffered in 0.2 M
sodium cacodylate at pH 7.4, using a steady pressure of 100 mm
Hg. Following the perfusion fixation, the kidney was removed,
and the cortex cut into three equal zones: superficial, intermedi-
ate. and deep cortex. The tissues excised from the superficial
and deep cortex were prepared for scanning electron micros-
copy. The tissue pieces were further fixed in the same fixative
for an additional 3 hr. rinsed overnight in 0.2 M sodium
cacodylate buffer solution, pH 7.4, postfixed with 1% osmium
tetroxide for 2 hr, and dehydrated through a graded series of
ethanol. l'hen, the samples were immersed in two changes of
amylacetate for 15 mm each and dried with liquid carbon
dioxide by the critical point method [271. A dried sample was
attached to an aluminum stub with bilayer tape, coated with
gold in a sputter-coater, and viewed with a scanning electron
microscope (JSM-35, JEOL, Tokyo, Japan) operating at an
accelerating voltage of 30 kV. For the measurement of the
interpedicular space, the samples were coated with platinum
palladium and observed with an electron microscope (IOOCX,
JEOL) equipped with a high resolution scanning attachment.
The following morphometric studies were performed on five
animals per each group. In these studies, out of the glomeruli
randomly photographed, those without charging and/or other
artifacts were strictly selected. In 8 to 15 glomeruli from the
superficial and deep cortex respectively in each rabbit, photo-
graphed at a magnification of 600, the longest diameter was
measured and its average value calculated. Then, the mean and
SE5 in each group were calculated from the average values in the
five rabbits. Next, in four tertiary processes areas of the
superficial and inner glomeruli each per animal, photographed
at a magnification of 60,000, the interpedicular space was
estimated using a computerized image analyzer (Videoplan,
Kontron Co., Munich, Federal Republic of Germany) and
expressed as the percent fraction of the sum of tertiary proc-
esses and interpedicular space. Third, in two epithelial surface
areas of the superficial and inner glomeruli respectively from
each animal, photographed at a magnification of 4,000, the
capillary surface covered by cell bodies and major podocyte
processes greater than or equal to I m in width, and the
remaining regions covered only by individual pedicles and
processes narrower than I m were estimated according to the
method described by Solez, Racusen, and Whelton [12]. The
capillary surface area covered only by processes of less than I
rm wide was expressed as the percent fraction of the total
surface area.
After the completion of these observations, the glomeruli
were fractured on aluminum stubs by the tape sandwich method
to examine morphologic changes of endothelial cells. On 16 to
24 photographs from superficial and inner glomeruli respec-
tively in each animal, taken at a minimal tilt angle at a
magnification of 30,000, the number of fenestral pores within a
central circle with 1 cm radius was counted and the average
value was calculated. Also, the diameter of five fenestrae
located at the center of the photograph was measured on ten
scanning electron micrographs in each animal. Subsequently,
the fenestral pore area was evaluated from the density and
diameter, and expressed as the percent fraction of the central
circular area with a 1 cm radius. These morphometric observa-
tions were performed by individuals without any prior knowl-
edge of the experiments, to minimize observer bias.
To evaluate the perspective error in these measurements, a
calibration grid was photographed at a magnification of 30,000
with tilt angles of 0, 3, 6, 9, 12, 15, and 20°. When compared
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Table 1. Blood pressure, plasma creatinine concentration, creatinine clearance rate and urine output
After injection
-
No. of
rabbits
BP
mm Hg
Plasma creatinine
mgldl
C.
mi/mm
Urine volume
mi/mm
Controls 5 113 2.6 1.1 0.13 6.6 0.56 0.07 0.017
After IS hours 5 103 0.9 2.4 0.l7a 3.6 0.19a 0.13 0.005b
5 days 5 111 0.8 10.7 0.85a 0 0
14 days 5 104 0.9 1.3 0.05 5.6 0.11 0.13 0.030
Abbreviations: BP, mean abdominal aortic pressure; Ccr, clearance of creatinine.
a p < 0.001, as compared to controls.
P < 0.01.
with the grid area at 0° tilt angle, the error was approximately
0.9% at 3°, 1.2% at 6°, 3.2% at 9°, 5.3% at 12°, 7.7% at 15°, and
11.5% at 20°. A calibration bead was also photographed at a
magnification of 30,000 at a tilt angle of 0°, and the size error
caused by its horizontal shift was estimated. The error was less
than 2% within 1 cm from the center of the photograph.
Results
Clearance studies
The intravenous injection of uranyl acetate (2 mg/kg of body
wt) gave rise to oliguric acute renal failure in rabbits (Table 1).
Fifteen hours after the injection, the CC. rate decreased to 55%
of the control value, concomitant with slightly but significantly
elevated plasma creatinine concentration. Urine output in-
creased. After 5 days, glomerular function declined further.
Plasma creatinine concentration reached a peak value of 10.7
0.85 mg/dl. The CCr rate could not be evaluated, as urine flow
was reduced to approximately zero. Fourteen days after the
uranyl acetate administration, urine output increased above the
control value, though the difference was not statistically sig-
nificant. The Cur rate returned toward the preinjection level,
with complete recovery from azotemia. The findings were
comparable with the previous data from our laboratory [23, 24].
Morphologic studies
Glomeruli from controls appeared normal (Figs. I and 2, A)
[9, 28]. The glomerular diameter was slightly larger in the deep
cortex than in the outer cortex, though the difference was not
statistically significant (Table 2). The percent fraction of the
interpedicular space was slightly but significantly larger in the
inner glomeruli as compared to the superficial glomeruli (P <
0.05), while the percent fraction of capillary surface area
covered by processes narrower than I m in width was not
significantly different between the superficial and inner
glomeruli. Also, there was no significant difference in the
density or diameter of endothelial fenestrae between the outer
and deep cortex (Table 3).
Fifteen hours after the injection of uranyl acetate, the glomer-
ular diameter in the superficial and deep cortex was reduced to
90 and 94% of controls, respectively. Glomerular epithelial cells
showed focal flattening and spreading of podocyte cell bodies
associated with loss of the interdigitating cytoplasmic processes
and increased numbers of microvillous structures (Fig. IB). The
percent fraction of glomerular capillary surface covered only by
processes narrower than I jm in width averaged 88 and 84% of
controls in the outer and deep cortex, respectively (Table 2). A
significant linear relationship was found between the reduction
in the C. rate and the decrease in the percent fraction of the
capillary surface covered by processes of less than I m wide in
the deep cortex (correlation coefficient 0.60, P < 0.05) but not
in the outer cortex. The percent fraction of the interpedicular
space was also reduced to approximately 70% of the control
value (P < 0.001). There was a significant linear correlation
between this alteration and reduction in Cr (correlation co-
efficient: 0.62 in the outer cortex, P < 0.05; 0.73 in the deep
cortex, P < 0.01).
On the luminal surface of the glomerular capillary, a diminu-
tion in the density of endothelial fenestrae was observed locally
(Fig. 2B, Table 3). The density was 68 and 73% of controls in
the superficial and inner glomeruli, respectively. There was a
significant linear relationship between the reduction in density
of fenestrae and the decline in the Ccr rate (correlation co-
efficient: 0.80 in the outer cortex, P < 0.01; 0.82 in the deep
cortex, P < 0.01). On the other hand, the diameter of
endothelial fenestrae did not significantly change in the super-
ficial and inner glomeruli. The percent fraction of the fenestral
pore area, calculated from the density and diameter, was
reduced to approximately 76% of controls in the superficial and
inner glomeruli.
Five days after the uranyl acetate administration, the
glomeruli were slightly larger as compared to controls (Table 2).
The mean percent increase in the glomerular diameter in the
outer and deep cortex was 20 and 18% above controls, respec-
tively. Morphologic changes in the epithelial cells were more
pronounced when compared with those observed 15 hr after the
drug injection (Fig. 1C). In many areas the capillaries were
covered by a continuous sheet of podocyte cytoplasm, and
usual branching structure and foot processes were not ob-
served. Capillary surface covered by processes narrower than I
m decreased further to 72 and 74% of controls in the outer and
deep cortex, respectively, whereas the percent fraction of the
interpedicular space did not significantly differ from that esti-
mated 15 hr after the drug injection. The density of endothelial
fenestrae decreased markedly in some areas (Fig. 2C) but
slightly in others. The average value of the density was 51 and
63% of controls in the superficial and inner glomeruli, respec-
tively (P < 0.001), indicating a slightly but significantly greater
reduction in the superficial glomeruli (Table 3). The diameter of
endothelial fenestrae in the outer and deep cortex increased to
135 and 126% of controls, respectively. The percent fraction of
the fenestral pore area was not significantly different from the
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Fig. 1. Scanning electron micrographs of glomerular epithelial cells. A The glomerulus from a control rabbit shows normal epithelial siructure with
an intact interdigitating pattern of the pedic/es. B Fifteen hours after the uranyl acetale injection, flattening and spreading of the podocyte cell
body is seen. An arrow indicates a microvillous projection. C Five days after the injection. Note extensive podocyte swelling and flattening
associated with loss of the interdigitating cytoplasmic processes. D Fourteen days after the injection, the epithelial cell appears normal. (x 6,000)
control value. There was no significant linear relationship Discussion
between the plasma creatinine concentration and morphologic
parameters. The intravenous injection of uranyl acetate (2 mg/kg of body
Fourteen days after the uranyl acetate administration, the wt) induced oliguric acute renal failure in rabbits. The data
glomerular morphologic alterations reverted to normal (Tables obtained in the present experiment were comparable with those
2 and 3, Figs. 1 and 2, D). in the previous studies [23, 241. In this model, light microscopic
'S.
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Fig. 2. Scanning electron ,nicrographs o the Iiiaunal su, ace f the glo,ner,iIar capillaries. A The lurninal surface qf a glomerular capilla,'v fio,,,
a control rabbit, characterized hi flh,fllero,,S, reu1arIv shaped fenesirae. B Fifteen hours a/ic, the ui-ann acetate administration. Note a mild
reductian in the density of endothelial fenestrae. C Five dais after the injection. In many areas, a marked reduction in the density of endothelial
fenestrae and an increase in the size (arrow) are found. D After /4 davs. the luminal surface appeal-s normal. ( x 30.000)
observations did not reveal any remarkable changes in the
glomeruli throughout the observation periods [23j. Transmis-
sion electron microscopy disclosed focal flattening and spread-
ing of the epithelial cells, dislocation of the slit membrane, and
swelling of the endothelial cells 5 days after the uranyl acetate
injection (maintenance stage) but did not after 15 hr (initiation
stage) (unpublished data). In contrast with these observations,
scanning electron microscopy revealed striking glomerular al-
terations in the initiation and maintenance stages, characterized
by a spreading and flattening of' podocyte cell bodies associated
with a loss of foot processes, increased numbers of microvillous
projections, and a reduction in the density of endothelial
fenestrae. Morphologic changes were more advanced in the
maintenance stage. The capillary surface covered by processes
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Table 2. Glomerular epithelial alterations in acute renal failure
Abbreviations: SC, superficial cortex; DC, deep cortex.
P < 0.05, as compared to superficial cortex.
P < 0.01, as compared to controls.
P < 0.05, as compared to controls.
P < 0.001, as compared to controls.
P < 0.01, as compared to superficial cortex.
narrower than I p.m in width decreased more markedly in the
maintenance stage, while a reduction in the interpedicular space
was not significantly different between the initiation and main-
tenance stages. A diminution in the density of endothelial
fenestrae was more marked in the maintenance stage. Glomer-
ular size and the diameter of endothelial fenestrac did not
significantly change in the initiation stage, whereas they in-
creased above the control values in the maintenance stage.
In contrast with our uranyl acetate model, glomerular epi-
thelial changes occur early following renal ischemia [13] and
disappear after 48 hr [61. The discrepancy among these data
may be due, at least in part. to the difference in the renal failure
model. On the other hand, recent studies demonstrate a sig-
nificant reduction not only in the density but also in the
diameter of endothelial fenestrae in uranyl nitrate 91.
gentamicin [15—181. glycerol [181. and postischemic 161 models
in rats and dogs. In our uranyl acetate model in rabbits.
however, the diameter of endothelial fertestrae increased above
the control value in the maintenance stage, concomitant with a
significant reduction in the density. Barnes et al [111 also
demonstrated using transmission electron microscopy that
endothelial fenestrae are reduced in number and appear unduly
wide in postisehemic renal failure in rats. The discrepancy
among the data may be ascribed, in part. to the heterogeneity of
fenestral pores [20. 21]. Furthermore, there is the possibility
that an increase in glomerular size and fenestral diameter in our
model might have resulted from an expansion of the glomerular
capillary wall due to vasodilation. as renal blood flow has been
found to increase above the control level in the maintenance
stage [231.
Mediators of glomerular alterations have not been clearly
established. Racusen. Prozialeck. and Solez [131 and Racusen
and Solez [14] suggested that angiotensin II and other humoral
factors may play a role in rabbits in producing podocyte
alterations after renal ischemia and in a dehydrated state.
Barnes et al [Ill have demonstrated loss of the glomerular
Case no.
Controls
Glomerular diameter, p.m
SC DC
Percent fraction of capil-
lary surface covered by
processes <1 cm wide
SC DC
Percent fraction of
interpedicular space
SC DC
1 96.8 103.1 61.2 59.8 21.2 23.8
2 97.4 101.0 59.0 58.6 22.7 23.4
3 89.1 89.7 60.2 65.1 22.8 27.7
4 86.1 98.6 62.4 54.1 25.3 25.9
5 90.8 91.5 69.5 67.8 21.0 26.4
Group mean 92.0 96.8 62.4 61.1 22.6 25.5
±SEM ±1.97 ±2.36 ±1.65 ±2.17 ±0.68 ±0.Sla
15 hr after injection
6 81.7 93.2 54.3 57.5 17.1 20.9
7 86.1 93.4 50.1 43.7 14.9 19.6
8 81.8 86.8 48.0 56.3 16.1 15.9
9 86.6 94.4 59.9 49.2 18.1 18.4
10 82.5 87.3 58.4 50.5 14.6 19.8
Group mean 83.7 91.0 54.1 51.4 16.2 18.9
±SEM ±0.96b ±1.46 ±2.06b ±2.25h ±0.58" ±0.76dc
After 5 days
11 106.0 113.6 41.1 48.7 17.9 18.4
12 112.1 110.5 46.9 44.5 20.4 16.4
13 109.6 113.4 38.6 41.2 18.7 19.3
14 112.7 117.9 51.8 39.7 16.8 18.3
15 112.9 113.6 44.1 52.8 21.0 23.0
Group mean 110.6 113.8 44.5 45.4 19.0 19.1
±SEM ±1.16" ±1.06" ±2.05" ±2.16" ±0.78" ±0.97"
After 14 days
16 91.4 94.4 59.6 65.9 23.1 22.0
17 93.4 94.6 63.8 56.4 29.7 25.0
18 97.8 97.4 59.0 63.1 30.9 26.1
19 89.5 86.3 69.0 64.7 23.1 26.4
20 86.7 95.3 59.9 65.2 22.2 22.6
Group mean 91.8 93.6 62.3 63.1 25.8 24.4
±SEM ±1.67 ±1.69 ±1.69 ±1.55 ±1.66 ±0.81
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Table 3. The density and diameter of endothelial fenestrae at a
magnification of 30000
Density within
central circle with I
cm radius Diameter, A
Case no. SC DC SC DC
Controls
1 22.6 23.1 830 867
2 24.1 23.4 846 867
3 22.4 23.1 797 827
4 23.1 22.9 767 800
5 20.1 19.7 810 820
Group mean 22.4 22.4 809 838
15 hr after injection
6 17.2 17.8 870 847
7 15.0 16.1 827 843
8 15.3 15.9 873 883
9 15.0 16.1 893 863
10 14.7 16.3 840 817
Group mean 15.4 16.4 860 849
After 5 days
11 12.8 14.7 1040 1060
12 10.9 13.4 1067 1003
13 13.4 15.9 1163 1096
14 10.1 11.6 1110 1010
15 9.6 12.9 1090 1130
Group mean 11.4 13.7 1094 1058
After 14 days
16 21.4 21.4 830 840
17 20.2 22.2 810 773
18 21.9 20.6 777 837
19 19.9 22.2 783 830
20 21.7 22.3 777 800
Group mean 21.0 21.7 797 815
11.6
Abbreviations: SC, superficial cortex; DC, deep cortex.
P < 0.001, as compared to controls.
P < 0.01, as compared to controls.
P < 0.01, as compared to superficial cortex.
polyanion associated with podocyte changes in isehemic renal
failure in rats. We also observed a reduction in the glomerular
polyanion in the uranyl acetate model of rabbits, concomitant
with podocyte alterations and enhanced proteinuria (unpub-
lished data). Increased filtration of protein may subsequently
contribute to obstructive tubular cast formation [13. 14).
Solute and water transport across the glomerular capillary
wall occurs predominantly through endothelial fenestrac. base-
ment membrane, and the pores of slit diaphragms 129, 301.
Therefore, alterations of the glornerular structure could result in
a diminution of glomerular ultrafiltration area, thereby reducing
the GFR. A controversy exists, however, concerning the con-
tribution of glomerular morphologic alterations to a loss of
glomerular function. Stein et al [7), and Cox ci al [5) suggested
from the observations of uranyl nitrate- and norepinephrine-
induced renal failure in dogs and rats that alterations of the
epithelial architecture account, at least in part. for the reduction
in the GFR. However, several observations argue against the
view that glomerular epithelial alterations may be the major
determinant of a decline in the glomerular ultrafiltration co-
efficient. Baylis, Rennke, and Brenner [41 noticed in
gentamicin-induced acute renal failure in rats using transmis-
sion electron microscopy that the ultrafiltration coefficient is
reduced despite normal appearance of the capillary walls.
However, changes in the capillary walls, detected by scanning
electron microscopy, may not be disclosed with a transmission
electron microscope [9, 10, 131. Avasthi, Evan. and Hay [91
found that the epithelial cells appear normal in rats 2 hr after the
uranyl nitrate injection, a time at which the ultrafiltration
coefficient has been found to be reduced [3]; and that the
administration of the drug to sodium-loaded rats induces epi-
thelial alterations without a significant reduction in the GFR.
They suggested a minor importance of epithelial alterations in
determining the glomerular ultrafiltration coefficient. Unfortu-
nately. they made no attempt to quantitate epithelial param-
eters. Furthermore, it is possible that there was a decline in the
ultrafiltration coefficient, but that compensatory changes pre-
vented a reduction in the GFR in sodium-loaded uranyl nitrate-
treated rats. Thus, the possibility that epithelial changes, when
present, could affect the ultrafiltration coefficient cannot be
completely ruled out.
Also, a reduction in the fenestral pore area may he a factor in
reducing the GFR [91. A significant decrease in the density and
diameter of endothelial fenestrae has been found in uranyl
nitrate )9). gentamicin [15—18). glycerol [181. and ischemic [61
models of renal failure. In our uranyl acetate model, glomerular
epithelial and endothelial alterations might have resulted in a
reduction in the glomerular surface area available for ultrafiltra-
tion, thereby reducing glomerular filtration in the initiation
stage. This speculation may be supported by the finding that
there was a significant linear relationship between morphologic
alterations and the reduction in the Cc,- rate. However, ex-
tremely reduced whole kidney GFR in the maintenance stage
cannot be explained only by glomerular morphologic altera-
lions. Additional factors including transtubular leakage of fil-
trate and obstructive tubular cast formation might have contrib-
uted to the decline in the C, rate [1—3, 7, 23].
Mason, Welsch, and Takabatake )22] have demonstrated a
disparity between surface and deep nephron function early
following renal ischemia in rats. Little information is available
as to whether or not such a functional disparity occurs in
experimental acute renal failure due to other causes. In our
uranyl acetate model of renal failure, redistribution of the
regional blood flow from the outer to the inner cortex occurred
during the maintenance stage [23]. On the other hand, mor-
phologic examinations did not show any significant difference in
glomerular alterations between the superficial and deep cortex.
In summary. glomerular alterations, characterized by flat-
tening and spreading of podocyte cell bodies associated with
loss of foot processes, and reduced density of endothelial
fenestrae, were observed in the initiation and maintenance
stages of uranyl acetate-induced acute renal failure in rabbits.
These morphologic alterations were more advanced in the
maintenance stage. There was a significant linear correlation
between glomerular alterations and reduction in C, in the
initiation stage but not in the maintenance stage. Any significant
difference was not found in the progression or regression of
glomerular changes between the superficial and deep cortex.
Glomerular alterations in acute renal failure 815
These glomerular alterations may play a role in the reduction of
the CCr rate observed in this model.
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